The colonization and lignin decomposition of pine (Pinus thunbergii and P. densiflora) 12 needle litter by an endophytic fungus, Lophodermium pinastri, was examined with field 13 observations, a field experiment, and laboratory experiments. In pine needles collected from 14 the field, needle mass per length and lignin content were lower in needle portions bearing 15
the laboratory. Ten needles were extracted from each litterbag and observed for the presence 1 or absence of Lophodermium fruiting bodies under a binocular microscope with a 2 magnification of 40x. Frequency of occurrence of Lophodermium fruiting bodies was 3 calculated as the number of needles on which the colonies were observed divided by the total 4 number of needles tested in each litterbag (i.e., 10 needles), expressed as a percentage. A 5 paired t-test was used to evaluate the difference in remaining mass between sterilized and 6 nonsterlized needles. on the forest floor were collected in the study site in November 2007 and oven-dried at 40˚C 13 for one week. The needles were preserved in a vinyl bag until the experiment began. 14 Needles were cut into pieces 2 cm in length and sterilized by exposure to ethylene 15 oxide gas at 60˚C for 6 h. Needles (0.3 g) were placed on the surface of Petri dishes (9 cm inincubated in darkness at 20˚C for 12 weeks, according to the method described in Koide et al. 1 (2005b) . Four plates were prepared for each isolate, and four uninoculated plates served as a 2 control. The mass loss of decomposed needles was determined as a percentage of the original 3 mass, taking the mass loss of control needles into consideration. Chemical analyses were 4 performed for isolates that caused mass loss of more than 3.0%. The needles from four plates 5 were combined to make one sample for each isolate and used for analyses of lignin and total 6 carbohydrates as described previously. 7
Additional pure culture tests were performed using P. densiflora needles and L. 8 pinastri isolated from P. densiflora. Four isolates of L. pinastri were obtained from P. DNA of fourteen isolates used in the pure culture tests was extracted from mycelia cultured 5 on 2.5% malt extract liquid medium following the modified CTAB method described by 6
Matsuda and Hijii (1999). The rDNA ITS region was amplified with primers ITS1F (Gardes 7
and Bruns 1993) and ITS4 (White et al. 1990 ). Polymerase chain reactions were performed 8 using HotStarTaq Plus Master Mix (Qiagen, Ontario, Canada). Each PCR tube contained a 50 9 µl mixture (16 µl of distilled water, 25 µl of master mix, 3 µl of template DNA, 5 µl of coral 10 load and 0.5 µl of each primer (final, 0.25 µM)). Each DNA fragment was amplified using a 11 PCR thermal cycler (DNA engine; Bio-Rad, USA). The thermal cycling schedule was as 12 follows: the first cycle consisted of 5 min at 94˚C, followed by 45 cycles of 30 s at 94˚C, 30 s 13 at 58˚C for annealing, 1 min at 72˚C, and the final cycle of 10 min at 72˚C. The reaction 14 mixture was then cooled at 4˚C for 5 min. PCR products were purified with a QiAquick PCR 15
Sequencing reactions were performed on a PTC-225 Peltier Thermal Cycler (MJ Research, 1 MA, USA) using ABI PRISMR BigDyeTM Terminator Cycle Sequencing Kits with 2 AmpliTaqR DNA polymerase (FS enzyme) (Applied Biosystems, CA, USA). 3
The sequences determined in this study were deposited in DDBJ 4 (AB511811-AB511819, AB519646-AB519648, AB247947, AB247949). The base sequences 5 of five isolates other than Lophodermium were compared with those of known species using 6
BLAST searching, and the closest fungal taxa for each isolate was determined ( Table 1 ). The 7 following phylogenetic analysis was performed for the data of 10 Lophodermium isolates. bearing Lophodermium fruiting bodies 6
Needle mass per length was significantly lower in needle portions bearing Lophodermium 7 fruiting bodies than in the remaining needle portions (Table 2 ). Mean value of lignin content 8 was significantly lower in needle portions bearing Lophodermium fruiting bodies than in the 9 remaining needle portions, whereas mean value of total carbohydrate content was not 10 significantly different between needle portions bearing Lophodermium fruiting bodies and the 11 remaining needle portions (Table 2) . Total hyphal length, live hyphal length, and the 12 percentage live hyphal length relative to total hyphal length were significantly greater in 13 needle portions bearing Lophodermium fruiting bodies than in the remaining needle portions 14 (Table 2) . 15 16 3.2 Lophodermium fruiting bodies on sterilized needles incubated on the forest floor1 (mean ± standard error, n=10) of the original mass and was not significantly (P>0.05, paired 2 t-test) different from that of nonsterilized needles (77±1%, mean ± standard error, n=10). No 3
Lophodermium fruiting bodies were formed on sterilized needles after six months of 4 incubation on the forest floor (i.e., frequency of occurrence equaled to 0%), whereas the 5 frequency of occurrence on nonsterilized needles was 20±4% (mean ± standard error, n=10). 6 7
Pure culture decomposition test 8
Lignin and total carbohydrate contents of initial needles were 373 mg/g and 420 mg/g, 9 respectively, for P. thunbergii and 374 mg/g and 407 mg/g, respectively, for P. densiflora. 10
The mass loss of pine needles caused by 14 isolates under the pure culture conditions 11 ranged from -0.4% to 19.9% (Table 3 ). The mass loss of needles decomposed by L. pinastri 12 was lower for P. thunbergii (-0.4% to 7.8%) than for P. densiflora (8.5% to 19.9%). The mass 13 loss of needles decomposed by five other fungi ranged from 0.3% to 6.4%. Mass loss of 14 lignin was detected for five isolates of L. pinastri (TL10, DHL2, DHL4, DHL3, and DHL1) 15 and was greater in P. densiflora than in P. thunbergii. Mass loss of lignin was negative for L.
14 isolates of L. pinastri ranged from 1.31 to 1.96 and L/C ranged from 0.69 to 2.34. 1 2
Genetic variation of Lophodermium pinastri 3
The neighbor-Joining tree showed that nine strains identified as L. pinastri by their 4 morphological characters were divided into two close clades (Fig. 1) . These clades 5 corresponded to their host species: one consisted of strains isolated from P. densiflora (95% 6 of bootstrap value) and another from P. thunbergii (100% of bootstrap value). The percentage 7 of nucleotide differences was 6.3% to 7.3% between L. pinastri isolates associated with P. Lophodermium fruiting bodies and the remaining needle portions (Table 2) indicated  14 small-scale heterogeneity of decomposition among single needles that were associated with 15 their colonization by fungi. It is not probable that the lower needle mass per length and lignin 16 content in needle portions bearing Lophodermium fruiting bodies reflected some originalvariation among undecomposed needles; rather, it was probably due to the more active 1 decomposition of needle tissues and lignin by L. pinastri. In fact, the greater lengths of total 2 and live hyphae in needle portions bearing Lophodermium fruiting bodies than in the 3 remaining needle portions (Table 2) It should be noted that not all of L. pinastri isolates from Pinus thunbergii and P. 15 densiflora needles were ligninolytic, and that the ability to decompose needles was highlyexample Xylaria sp. on Fagus crenata leaves (ranging from 5.5% to 9.9% for 9 isolates, 1 Osono and Takeda 2002) and for Coccomyces sp. on Camellia japonica leaves (from 7.1% to 2 14.8% for 3 isolates, Koide et al. 2005b); the variation in needle mass loss for L. pinastri on 3 pine was, however, among the greatest so far reported. The variation in the base sequence of 4 the rDNA internal transcribed spacer (ITS) region was relatively small when compared 5 among the isolates from a single host tree species (Fig. 1) . The among-isolate variation in 6 decomposing ability cannot be related to ITS variability and thus remains unclear. The 7 variation, however, may imply further heterogeneity in decomposition among needle portions 8
bearing Lophodermium fruiting bodies on single needles that reflects the among-isolate 9 variation in decomposing abilities. 10
The mass loss of Pinus densiflora needles was greater than that of P. thunbergii 11 needles when inoculated with L. pinastri isolates from the respective needles (Table 3) . Two 12 explanations may account for this difference between these two pine species. First, the 13 physical and chemical qualities of needles can be different between two pine species. Pinus 14 thunbergii needles have a more rigid structure, are generally harder and stronger, and appear 15 to be more resistant to fungal decomposition than P. densiflora needles. The lignin and total 16 carbohydrate contents of needles used in the pure culture decomposition tests were similarbetween these pines, but other chemical properties such as secondary compounds, wax and 1 resin, and nutrient contents might be different. Secondly, the potential abilities to grow and 2 decompose needles may be different between L. pinastri isolates obtained from the two pine 3 species. This is possible because a comparison of the rDNA-ITS sequences between the two 4 groups indicated that they are phylogenetically separated (Fig. 1) . Future cross-inoculation 5
and decomposition experiments (two needles x two groups of isolates) will be of help to test 6 the two possibilities mentioned above. 7
Ortiz-Garcia et al. (2003) indicated that the intraspecific percentage of nucleotide 8 differences was 5.6 % between L. pinastri isolates from P. sylvestris and P. ponderosa 9 (AY100649 and AY100650, respectively; Fig. 1 ) and ranged from 0% to 7.6% between L. 10 baculiferum isolates from three different pine species. The higher nucleotide differences 11 between L. pinastri isolates from P. densiflora and P. thunbergii in the present study were 12 consistent with the previous studies and suggested that L. pinastri has potentially high ITS 13 intraspecific variations as well as L. baculiferum. The intraspecific nucleotide divergence in L. 14 pinastri could not exactly correlate with the phylogenetic relationships of the host, because(95%) (Fig. 1) . 1 Previous studies on fungal assemblages and their succession have shown that the 2 major fungi potentially responsible for lignin decomposition in pine needles are 3 basidiomycetes such as Marasmius species occurring in early stages of decomposition 4 (Tokumasu 1996 (Tokumasu , 1998 Lophodermium spp. including the strains examined in this study (see Table 2 ). GenBank 4 accession numbers are shown in parentheses. Bootstrap values above 50% are given adjacent 5 to the corresponding node. TL3, TL4, TF3, TL10, and TL1 are the isolates from Pinus 6 thunbergii, and DHL1, DHL2, DHL3, and DHL4 are from P. densiflora. DDBJ accession 7 number: TL10, AB519647; TF3, AB519646; TL4, AB247949; TL3, AB520991; TL1, 8 AB519648; DHL2, AB511817; DHL4, AB511819; DHL3, AB511818; DHL1, AB511816. 9
